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Abstract 
 
This paper is part of a larger research into the conditions and challenges of mainstream or opportunistic adaptation of climate 
change adaptation in Bangkok in which adaptation measures are implemented in an integrative way with autonomous urban 
redevelopment projects. When compared to the application of stand-alone measures, mainstream adaptation will require a longer 
implementation period as it pace of implementation is depended on the so called adaptation opportunities arisen from the 
redevelopment needs and moments. Consequently, the integration of adaptation into the autonomous redevelopments is a 
transformation process of continuous adaptation.This paper explores the potential role amphibious architecture, design and 
construction can play in the transformation challenge of Bangkok to become a flood resilient city on the longer term. It will focus 
on a typical neighbourhood, more importantly infrastructure, building, and public spaces. A typical outcome of this  process 
would be a master plan detailing the improvement strategies. The chosen neighborhood will be analyzed in three steps, explained 
in the following. First we introduce and characterize the urban structure in terms of flood hazard, exposure and sensitivity. Then 
we provide a few adaptation measures into the real condition. Finally, approximate when and where these measures can be 
applied in the future that able to be upgraded to assess the spatial and temporal adaptation opportunities included in terms of 
different detail of scaling effects such as architecture and urban infrastructure. 
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1. Introduction 
 
Historically, some parts of Thailand have always had issues with flooding. This is also the case in those parts of 
the city with traditional architecture, where early types of flood protection measures have been applied [1]. Water 
management in the capital Bangkok is of great importance due to the rapid urban development caused by fast 
economic growth. This is reflected in the 17 percent increase in GDP of the area around the Suvarnabhumi 
International Airport between 2010 and 2015, which experienced significant flooding over the last decades [2, 3, 4, 
5]. This rapid growth in combination with increased frequency and severity of rainstorms have created an urgent 
need to enhance flood resilience of these vulnerable, flood-prone areas. Flood resilience can be enhanced through the 
implementation of flood proofing measures at the level of single buildings and local infrastructures and public space 
in these residential, commercial and industrial areas of Bangkok. Flood risk has increased because of the loss of land 
for water storage and agriculture upstreams and in the peri-urban areas of Bangkok, as a result of the rapid expansion 
of new built-up areas in these wetlands such as being observed in the areas surrounding the national airport. After 
development these areas are considered to be particularly vulnerable to flooding. However, the city planning law has 
designated these areas for expansion and allows new development to be build, resulting in a loss of land dedicated to 
storing and retain (storm)water. Consequently, there is a tension between on the one hand the pressure on land for 
urban development and to the other hand the need to reserve land for water storage. This tension has a direct effect 
on the population, architecture, and urban infrastructure. The way surface and stormwater were managed over the 
years has gradually contributed to the flood issues that Bangkok is observing today. The government has initially 
chosen a straight-forward approach for solving this issue, mainly focussing on limiting the flood hazard. By 
focussing on ‘engineered solutions’, such as increasing the pipe drainage capacity, constructing small flood 
protection structures like dikes or dams, some flood relieve has been achieved. Yet, the costs of retrofitting the 
existing structures are relatively high and require large scale interventions. Furthermore, the increased variability in 
monsoon driven rainfall events makes it difficult to actually impose a standard that would effectively limit or even 
remove the impact of pluvial flood hazard in the area. An alternative approach might be to gradually retrofit the 
urban areas by adopting the assets to accommodate floods. By gradually replacing or upgrading structures that 
reached the end of their functional, economic or technical lifespan, flood resilient constructions can be integrated  in 
a possibly more cost effective manner. This so-called opportunistic or synergistic adaptation (Veerbeek et al., 2013, 
Zevenbergen et al., 2008) mainstreams flood adaptation with the actual urban dynamics. An advantage of the 
approach is that new insights and subsequent standards can be integrated continuously, which safeguards the 
approach against massive under or over investments since it does not necessarily rely on long term future climate 
change predictions. The approach can be combined with the application of immediate retrofitting actions in areas 
that suffer from annual flooding, but still have a significant lifespan ahead. The actual measures themselves depend 
on local flood conditions and include amphibious constructions that are dry during most of the year but can 
accommodate monsoon driven flooding. 
Communities in central Thailand and Bangkok have traditionally been very resilient and possessed much 
knowledge about coping with regular flooding. Many urban communities are well organized and are participating in 
local water management projects. But today’s local wisdom that communities have gathered over the centuries of 
living with water has disappeared. This partly is because these neighbourhoods consist of new residents, no longer 
living in a traditional way and modern types of houses are less resilient that the traditional houses (raised on stilts or 
temporarily (amphibious) and permanent floating). The challenge at a small scale is to reintroduce local knowledge 
and indigenous technology to cope with floods and become more resilient. This paper will focus on the challenge of 
opportunistic adaptation and the potentials offered by amphibious architecture and design to support the 
transformation of an existing neighbourhood in Bangkok. 
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2. Flooding in Bangkok/Case study area 
 
In 1974, the Department of Public Works and Town & Country Planning of Bangkok, Thailand approved a first 
building code law, which was used for controlling the characteristics of the building and urban infrastructure [6]. 
The code followed the concepts first developed during the King Bhumipol (Rama V) in 1889. The novelty of this 
code is the differentiation between functions of buildings and public spaces using function typologies, such as office 
buildings, commercial buildings, living areas, etc. Related to water management, the new building code introduced 
for the first time the principle of assigning detention areas to collect stormwater mainly as a measure to prevent 
flooding in urban areas, to create an opportunity for industrial and domestic use of stormwater and to drain the water 
into the Gulf of Thailand in a controlled manner (Roachanakanan et al., 2013). The decision made by Thailand's 
Prime Minister Mr. Anand Panyarachun, National Peace Keeping Council, to allow new developments in the Don 
Mueang District, has made a major impact on the hydrological processes in that area, because it is located in the 
zone designated for preserving and storing stormwater (detention areas). As a consequence, the parts reserved for 
water storage have gradually transformed into high-density urban areas, which have increased the risk for future 
flood events in these areas and surroundings. Figure 1 illustrates the urban planning regulation zone at Lad Krabang 
District, 2013. 
 
 
 
 
Fig. 1. Urban planning regulation zoning at Lad Krabang District, Bangkok, Thailand 
(Left) Living areas, marked with yellow 
(Right) Water storage (bright green) and agricultural areas (dark green) 
 
Currently, the Lad Krabang district is facing both annual flooding due to stormwater as well as infrequent river 
flooding resulting in extreme flood events. Stormwater floods are caused by the inability of the water drainage 
system to handle the increased amounts of water during long rain periods. Typically such flood events take place 
during the monsoon and with an average duration of about 5 - 6 hours. The associated inundation depths that are 
experienced range between 20 to more than 200 cm [7]. Apart from the sheer quantity of rainfall and the limited 
drainage capacity, factors such as blockages of the drainage infrastructure caused by solid waste dumping have a 
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major impact on this type of flooding. 
Apart from drainage related to storm water flooding, the area is also prone to river flooding. These types of 
floods happen during the rainy season and are less frequent events with return periods varying between 1:1 to 1:5 
(short duration and moderate, localised flooding with inundation depths up to 1 meter) and rare, extreme events with 
return periods of 1:50 years or more (long duration and affecting a large area of the river basin with inundation 
depths at some locations in Bangkok of more than 1.5 meters). The most recent example of such an extreme event 
happened in 2011 when heavy rains in the north of Thailand produced peak flows with return periods in the range of 
100 years. The Khlong Sam Prawet River was the main one to overflow, affecting all areas of the downstream 
floodplains including Bangkok [8] resulting in cascading failures of other branches and canals which overflowed 
soon after the overflow of this major river protection system. Dikes in the southern part of the case study region 
overtopped as a consequence, resulting in flooding of the inhabited areas for more than one month. This created a 
serious threat to people's lives and assets (buildings, etc.) around the southern part of the region in question. A large 
part of the local population was heavily affected in the center of Bangkok, in 2011 [2]. This flooding disaster was 
particularly harmful to the lower class living in underdeveloped areas. Significant damage was caused to living 
spaces, causing 65 percent of the population in the area to relocate [2]. The food and water supply were also 
affected, for a period of 3 to 5 days, impacting the life of 68 percent of the regions residents. In an attempt to 
mitigate the effects of this flood disaster, flood water was collected in the large storage areas, using a series of 
pumps and three gates designed to stop the water from flowing into the lower area. This was done in an attempt to 
protect the international airport by guiding it around the sensitive areas towards the sea. 
In the current conditions, it is virtually impossible to reclaim the area for water storage; the land is sold and 
occupied. Relocating the current inhabitants is a lengthy and costly procedure. Instead, the economic boom of the 
area might cause further densification and an increase of flood related problems in the future. The only solution 
therefore seems to be the adaptation (flood proofing) of the existing buildings, infrastructure and public spaces to 
better deal with future (both frequent and rare) flood events. A major constraint of adapting the existing urban fabric 
is that all interventions have to be planned and implemented in a vibrant neighbourhood full of economic activities 
(e.g., retail, warehouses, transportation, shopping malls or markets). This means that the interventions should be well 
aligned with autonomous maintenance and refurbishment activities as to cause minimal disruption and to reduce the 
cost of adaptation to a minimum. 
 
3. Opportunistic Adaptation (Methodology) 
 
Cities can be considered as spatio-temporal dynamic systems, in which urban development and redevelopment 
processes take place in space as well as over time. Understanding when and where specific urban components 
(assets) are to be upgraded or replaced is essential in the assessment of bottom-up initiated climate change 
adaptation, where opportunities arising from development and redevelopment cycles are taken in a continuous 
adaptation process (Zevenbergen et al., 2012). Opportunistic adaptation encompasses the integration of new climate 
(i.e., flood)-related design standards and subsequent adaptation measures at the moment assets reach the end of their 
lifespan (EOL). The approach requires a system perspective, in which the city is perceived as a collection of 
interacting components, constructed at different moments in time and with different lifespans. Depending on the 
lifecycle management and replacement strategy of each individual asset, components are renewed individually or as 
groups (e.g., a complete street including buildings, street, pavement, gardens, sewage network and other utilities). 
The distribution of assets reaching the EOL over a given range of years defines the actual adaptation rate of the 
individual urban implementation. This includes both the upgrade and replacement of the components. 
Effective opportunistic adaptation as a strategy to transform the existing urban fabric of neighborhoods and 
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ultimately of an entire city requires an understanding of the urban dynamics and the potentials of intervention to 
adapt these areas in order to better cope with floods and to live with water. It follows from the above that insight that 
it is needed to gain more knowledge with respect to the age and lifetime of the building stock as well as its exposure 
and sensitivity to floods at the level of individual buildings. Moreover, an understanding is required of the 
effectiveness and efficiency of potential retrofitting measures, which can be applied. Hence, the following indicators 
seem to be required: 
x Timing. The timing depends on the construction year and the lifespan of the asset, summarized in the 
expected EOL (End Of Lifetime); 
x Flood maps (extension and inundation depth). An example can be found at [9], This concerns the flooding of 
2011 (extreme flood event). Other examples of more frequent flood events can be found at [10], It is 
important in the assessment to take the whole spectrum of flood events into account ranging from frequent 
(low impact) to rare events (high impact) events. 
x Flood adaptation measures. The effectiveness of a measure is depended on many factors of which the 
contextual factors of flood depths, frequency, and duration are important ones to consider, but also the 
design and construction (structural properties) of the buildings should taken into account. Retrofitting (and 
flood resilient repair) techniques such as dry-proofing (aims to prevent water from entering the building) 
work most effective in areas with low water depths1 (max 0.3 meters), while wet-proofing (allows the water 
to enter the building) are likely more effective in areas with high water depths (between 0.3 and 0.6 meters) 
(Ref DG523, 2014). In areas with high flood depths (>0.6 meters) and a relatively high probability of 
flooding (>1:25 years) a total rebuilding of the existing buildings and infrastructure into an elevated or 
amphibious structures may be considered. 
One of the main advantages of opportunistic adaptation might be the potential cost reduction compared to stand- 
alone measures. Since adaptation measures are integrated into new designs (in case of replacement) or in major 
maintenance or refurbishment cycles, measures can be integrated into existing construction and reconstruction 
cycles. A potential disadvantage might be that depending on the redevelopment speed of an area (expressed in the 
EOL), adaptation might be postponed for a significant time span. Especially in areas that face frequent floods or 
expect short-term impacts from external drivers that increase the flood hazard the assets are exposed to, the 
immediate action might be required. 
 
4. Case study 
 
The case study used in this paper concerns a region within the Lad Krabang District. The Lad Krabang district 
has a very long history, containing temples and many places of worship, significant annual festivals and old 
communities with beautiful prairies. It is steadily increasing in the size of the population and is considered to be one 
of the pleasant places to live in Bangkok. The infrastructure is under continuos development, also due to the fact that 
this area is a connection hub to the Suvarnabhumi Airport [11]. The topography of the area is very suitable for 
agriculture, making this the main occupation of the inhabitants. Typically there are single houses of one to two 
stories high. Also there are social housing projects with higher buildings of four to five floors. However, due to the 
more recent setting up of the industrial estates in the area, many factories have been built and thus more people are 
turning into employment. In terms of construction age, the buildings presented in the selected area are clustered in 
 
 
 
1 flood or inundation depth refers in this context to the length of the water column as of the floor level of the building/infrastructure. 
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the following way. The oldest buildings (before 1990 - marked with red in Figure 2) are located alongside the sub- 
canal that runs through the middle of the zone, called Prawaseburirom Canal. There are buildings constructed 
between 1990 and 1995 (marked with yellow in Figure 2) which are spread out around the latter ones, while the 
newest buildings (after 2000 - marked with blue in Figure 2) are located in the south and east parts due to the fact 
that this is the last place that could be used for construction. It [12] shows a table that provides more details about 
the building lifespan with the building typology. 
 
 
 
Fig. 2. Mapping of the buildings years of construction, Lad Krabang District. 
 
Currently, the district has a major national economic importance. It is a logistics center and hosts many 
warehouses for multinational firms as well as the international airport. Apart from these industrial clusters the area 
hosts a socially strong community. 
The area was severely flooded during the 2011 floods [4] and is facing annual floods due to severe local rainfall 
events [5]. In Figure 3 the flood depths of the 2011 flood are depicted. Typically recorded inundation depths during 
that extreme flood were between 1 and 2 meters (See Figure 3). The orange marking in Figure 3 indicates the places 
where stormwater induced floods are a threat. 
 
 
 
Fig. 3. Larger mapping of Inundation Flood Depth: Flood 2011. 
 
The older buildings (in the center of the selected area) are mostly threatened by river floods, due to their 
proximity to the Prawaseburirom Canal, while the newest ones already have flood protection measures in place that 
deal with this problem to some extent. 
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Fig. 4. Flood situation in 2011: effects on the communities. 
 
Having to deal with annual floods, the communities in the Lad Krabang District already use some types of flood 
protection and water drainage system. One example of such a flood protection measure and drainage system that is 
applied in this area is depicted Figure 4, which shows a cross-section of such a system. The main road is elevated by 
1.2 meters and acts as a dike, being a primary flood protection measure, and can be used to stop the water from 
flowing into the vulnerable area, also acting as water storage. As can be seen in the right part of Figure 4, the road is 
on a higher level, creating the need to slightly elevate the building on the left to allow the water to pass through and 
flow into the drainage system. The slope in the area indicates the flow patterns during extreme rainfall. Major roads 
are generally constructed on top of dikes, which cause the low-lying areas, on which houses and retail are located, to 
flood (see Figure 4, on the right). Water accumulates here during peak rainfall and flows after a few hours into the 
drainage system, mainly built out of pipes. Thus, often the dike system is not effective enough on its own to prevent 
rainfall induced flooding. Additional measures might be required in order to fully solve the issues including possible 
approaches such as amphibious architecture. 
 
 
Fig. 5. Water surface direction - From the main flood protection as a dike (Main Road). 
 
Figure 5 presents the flood protection system that is used in close proximity to the commercial building areas. 
This system can remain unchanged with one exception, related to the issue of limited accessibility of the lower level 
floors where commercial areas are usually present. In this case the flood protection measures built into some of the 
existing structures are not efficient. Another building type strategy that uses a flood protection approach involving 
the elevation of the structure, which is a common practice in the existing housing tradition of the area. It is also 
important to mention that such a measure can conflict with the accessibility requirements of the building, for 
example in the case where shops are built on the lower floor. In such a situation a flood event would render these 
ground level areas unaccessible. For this particular situation it is clear that the amphibious technology measures 
would work much better with respect to ground level accessibility. Thus, such a strategy would be better suited for 
this area in terms of flood adaptation. 
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5. Potentials for Amphibious Technology 
 
In order to adapt the area to better cope with future flood events, a robust strategy will be likely most favorable 
that can cope with annual local flood events, extreme events as well as with unforeseen rare events (not yet 
experienced in terms of depths, duration and frequency) as a result of long-term changes (climate change, physical 
interventions in the river basins, increase of neighboring impervious surface area, etc). This strategy should built in 
enough surplus capacity (headspace) to deal with high inundation levels experienced in the past and should have 
enough flexibility to adjust in time when higher inundation levels are anticipated. In particular this means that the 
strategy: 
 
1. needs to provide immediate responses in areas that are frequently flooded (return periods lower than 5yr) 
with significant inundation depths (0.6m and beyond); 
2. is required to gradually adapt the complete area to minimise nuisances (and damages) from monsoon driven 
annual floods; 
3. needs to adapt the area to limit flood damages from a 100yr-event (similar to the 2011 flood), in the 
medium term (50yr); 
4. it needs to be flexible enough to accommodate higher inundation levels due to unforeseen changes; 
5. it needs to be able to integrate adaptation measures on individual asset level: buildings, streets, public space, 
etc., without the need for massive reconstruction efforts. 
 
For the design of flood measures to be considered in the case described in this study the features listed in Table 1 
have been used. In this paper, specific attention is being paid to amphibious technology. It follows from this table 
that conditions which are likely effective for amphibious technology entail areas with (potentially) high inundation 
depths (max of 4.0m). Although each category of flood resilient technologies has its specific features and 
advantages, amphibious technologies are considered more robust than the others as they can tolerate both low and 
high floods inundation depths and are indifferent with regard to the flood frequency. Albeit that elevated structures 
are likely more comfortable in areas with high frequency flooding and amphibious ones are likely more comfortable 
in areas with low frequency. 
 
Table 1. Strategies for flood resilient construction of buildings (based on DG523, 2012) 
 
Design water depth Approach/Technology Features 
< 0.3m dry proofing creating a (external or internal) barrier to water reaching 
the building envelope/ingress to the structural building 
elements 
0.3 - 0.6m wet proofing allowing the water entering the building 
< 4.0m amphibious allowing the building to float when water level starts to 
rise (>0.6m) 
0.6 - 2.5m elevated prevent water entering the building through elevation of 
the ground floor 
 
Generally, amphibious technologies consist of a foundation that is resting on the ground during normal conditions 
but it allows a building or infrastructure to rise as high as necessary when a flood occurs. Although there is a variety 
of concepts and configurations of amphibious buildings reported in the literature, ranging from free-standing  houses 
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to commercial multi-storage buildings, a typical configuration of an amphibious building comprises a two-storey 
detached house. There are also examples of amphibious road infrastructure designed to serve as a flood evacuation 
route. Amphibious Technology uses a buoyancy system (hollow concrete, plastic or iron tanks, bamboo/wooden 
pillows or EPS) to provide buoyancy of the structure and a vertical guiding system to make sure the buoyancy 
foundation returns to the same location. A key feature of this technology is that it allows to “work together” with the 
natural hydrological cycle as it tolerates fluctuating water levels, instead of attempting to  stop  or divert water. 
Hence, it represents a symbolic value that stands for the paradigm of Living with Water which is still resonating in 
the traditional Thai culture. Moreover, the amphibious technology also allows to use land, which is scarce in 
urbanized areas, in a multi-functional way, as it provides land for construction of buildings and for  (temporal) 
storage of floodwater. Hence, it offers an alternative strategy to mitigate the impacts of flooding to individual 
buildings and, at the same time, to deal with the challenges of restoring and preserving the water storage capacity in 
cities as well. 
 
 
 
 
Fig. 6. Cross sections - Amphibious Architecture. 
 
 
 
 
 
Fig. 7. Flood frequency during 1995 – 2015; (See Figure 7) indicates how often the problem situation has been present in this area. 
 
Figure 2 indicates that a large fraction (approx. 45%) of the existing building stock has reached the predicted 
average value for the end of their lifespan. As can be seen from Figure 2, which shows the year of construction, it is 
predicted that in the next 50 years 45% of the buildings will reach their expected EOL. This implies that the case 
study area will offer opportunities to enhance the flood resilience of individual buildings and to restore and increase 
the water retention capacity of this urbanized area. Figure 7 indicates that at several locations distributed over the 
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area of the case study area the conditions for amphibious technologies are met and hence may provide  an 
opportunity to implement this technology. 
Figure 8 depicts where amphibious technology can be applied to replace existing buildings and/or can be installed 
in public spaces according to the above mentioned conditions. Conditions for amphibious technology exist in those 
areas with flood depths higher than 0.6m (preferable with potentially inundation depths of more than 2.5m). For 
inundation depths between 0.3 and 0.6m wet flood proofing technologies are likely more appropriate. In areas where 
this depth does not exceed 0.3m, a less invasive approach can be taken such as dry flood proofing. From this Figure, 
it can be seen that favorable conditions exist for amphibious technology along the Prawaseburirom Canal and along 
the smaller canal branching out in the North. 
 
 
 
Fig. 8. Mapping of  locations suitable for amphibious technologies. 
 
6. Conclusions 
 
In this paper, the potentials for amphibious technology has been assessed. Particularly attention has been paid to 
the opportunities for this technology in an urbanized area of Bangkok (case study). The study shows that a 
significant fraction of the existing building stock has reached its end of the life cycle and will provide opportunities 
to increase the flood resilience of buildings in the near future through retrofitting flood resilient construction and 
new build of amphibious buildings and to increase the water retention capacity. The latter can be achieved by both 
restoring former and creating new retention ponds and green low-lying areas as a fraction of the old building needs 
to be rebuild and/or allocated. Amphibious technology may catalyze this transformation process as it multifunctional 
and symbolic value will provide incentives for landowners and the local government to implement this technology. 
Further detailed research is needed to customize the design and construction of this technology to the local 
geographical and socio-economic context. 
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